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Aims The therapeutic action of tricyclic agents may be accompanied by unwanted
effects on the cardiovascular system. The evidence for the effects on vascular and
nonvascular smooth muscle comes from animal studies. Whether these studies can
be extrapolated to human vessels remains to be determined. Therefore, the present
study was designed to investigate the influence of amitriptyline, nortriptyline and
sertraline on the contractile responses of human isolated mesenteric arteries to
electrical field stimulation, noradrenaline and potassium chloride.
Methods Arterial segments ( lumen diameter 0.8–1.2 mm) were obtained from
portions of the human omentum during the course of 41 abdominal operations (22
men and 19 women), and rings 3 mm long were mounted in organ baths for
isometric recording of tension. In some artery rings the endothelium was removed
mechanically.
Results In precontracted artery rings amitriptyline, nortriptyline and sertraline
(3×10−7–10−4

m) produced concentration-dependent relaxation that was indepen-
dent of the presence or absence of vascular endothelium. Incubation with
indomethacin (3×10−6

m) reduced the pD2 values thus indicating the participation
of dilating prostanoid substances in this response. Amitriptyline and nortriptyline
inhibited both the neurogenic-and noradrenaline-induced contractions. In contrast,
only the highest concentration of sertraline reduced the adrenergic responses.
Amitriptyline, nortriptyline and sertraline inhibited contractions elicited by KCl and
produced rightward shifts of the concentration-response curve to CaCl2 following
incubation in calcium-free solution.
Conclusions These results indicate that amitriptyline and nortriptyline could act as
adrenoceptor antagonists and direct inhibitors of smooth muscle contraction of
human mesenteric arteries, whereas sertraline might principally exert its action only
as direct inhibitor of smooth muscle contraction. This relaxant mechanism involves
an interference with the entry of calcium.
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effects on the cardiovascular system [4, 5]. The most
Introduction

common manifestations are postural hypotension, sinus
tachycardia, and ECG changes [6, 7]. Alterations inThe efficacy of tricyclic agents as antidepressants has been

known for many years. In addition, some antidepressants, cardiac conduction probably result from the inhibitory
action of antidepressants on Na+ channels in cardiacparticularly tricyclic antidepressants or selective serotonin

reuptake inhibitors, have been used successfully and safely tissues in a fashion similar to the action of local
anaesthetics [8, 9]. The relaxation of vascular andin the treatment of premature ejaculation in patients for

whom psychological treatment had failed [1–3]. However, nonvascular smooth muscle may be caused by the
antagonistic action of antidepressants on muscarinic andthe therapeutic action may be accompained by unwanted
a-adrenoceptors [10–12]. Interference with calcium entry
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Whether pharmacologic studies of antidepressants in 1 mm EGTA was made by omitting CaCl2 and EDTA
from the control solution. The arteries were washed outvarious animal species can be extrapolated to human

vessels remains to be determined. No conclusive data are with this solution (three times) and Ca2+-free K+-
depolarizing solution was prepared by omitting CaCl2available concerning the possible alteration by antidepress-

ants of the vascular neuroeffector system in human vessels and replacing 100 mm NaCl by 100 mm KCl. To establish
the resting tension for maximal force development, anor is it known whether their effects are related to an

unbalanced production or activity of endothelial relaxing series of preliminary experiments were performed on
artery rings of similar length and outer diameter whichfactors, particularly nitric oxide and prostacyclin.

Accordingly, the present investigation was undertaken to were exposed repeatedly to 100 mm KCl. Basal tension
was increased gradually until contractions were maximal.evaluate the effects of amitriptyline, nortriptyline and

sertraline on constrictor responses obtained by noradrena- The optimal resting tension was 1 g. The vessels were
allowed to attain a steady level of tension during a 2 hline, potassium chloride, and stimulation of perivascular

nerves in human mesenteric arteries. We examined three period before testing. In some experiments the endo-
thelium was removed mechanically by inserting a rough-compounds which have been in clinical use as antidepress-

ants: amitriptyline, a secondary amine tricyclic, which ened stainless-steel wire into the lumen and gently rolling
the rings on wet filter paper. Functional integrity of themainly blocks the reuptake of noradrenaline with moder-

ate effects on reuptake of serotonin; nortriptyline, a endothelium was confirmed routinely by the presence of
relaxation induced by acetylcholine (10−7–10−6

m [14])tertiary-amine tricyclic, selective inhibitor of noradrena-
line reuptake; and sertraline, a selective inhibitor of during contraction obtained with noradrenaline

(1–3×10−6
m).serotonin reuptake. Observations were made in the

presence and absence of endothelium and after exposure Electrical field stimulation was provided by a Grass
S88 stimulator (Grass Instruments, Quincy, U.S.A.) viato NG-nitro-l-arginine methyl ester (L-NAME), an

inhibitor of nitric oxide synthase, or indomethacin, an two platinum electrodes positioned on each side and
parallel to the axis of the artery ring. To assess the natureinhibitor of cyclo-oxygenase.
of the contractile responses and avoid direct stimulation
of smooth muscle, frequency-response relationships were
determined on a group of arteries in the presence and
absence of 10−6

m tetrodotoxin, following a procedure
Methods

previously described [15, 16]. In summary, the protocol
was designed to find the optimal stimulation parametersArterial segments were taken from portions of the human

omentum during the course of abdominal operations (41 (15 V, 0.2 ms duration) for causing a contractile response
that was completely eliminated by 10−6

m tetrodotoxin.patients, 22 men and 19 women, aged 35–80 years). The
study was approved by the Ethics Commitee of our Frequency-response relationships were determined using

30 s trains of pulses at 2, 4 and 8 Hz. A period of 10 mininstitution, and informed consent was obtained from each
patient before the study. The arteries were immediately was allowed between stimulations. The stimulation

sequence was repeated 15 min after the addition ofplaced in chilled Krebs-Henseleit solution, and rings
3 mm long were cut for isometric recording of tension. tetrodotoxin (10−6

m), guanethidine (10−6
m) or

prazosin (10−6
m). As a control, a second set ofThe outside diameter of the rings was measured with an

ocular micrometer within a Wild M8 zoom microscope stimulations was recorded on artery rings in the absence
of antagonists.(Heerbrugg, Switzerland) and ranged from 0.8 to 1.2 mm.

Two stainless steel L shaped pins 100 mm in diameter The effects of antidepressants on electrical stimulation-
induced contractions were determined in a separate groupwere introduced through the arterial lumen of the ring.

One pin was fixed to the wall of the organ bath, while of experiments. After an initial set of stimulations, the
vessel rings were incubated with the antidepressants forthe other was connected to a strain gauge (Grass FT03).

Changes in isometric force were recorded on a Macintosh 15 min and a second set of stimulations was given. As a
control two consecutive sets of stimulations were givencomputer by use of Chart v 3.4/s software and a

MacLab/8e data adquisition system (ADInstruments). at identical intervals. Less than 10% variability in the
magnitude of electrical stimulation-induced contractionsEach artery ring was set up in a 4 ml bath containing

modified Krebs-Henseleit solution of the following mm was observed for a given ring during two consecutive
sets of control stimulations.composition: NaCl, 115; KCl, 4.6; MgCl2.6H2O, 1.2;

CaCl2, 2.5; NaHCO3, 25; glucose, 11.1 and disodium To study relaxation, arterial rings were contracted with
noradrenaline (1–3×10−6

m), endothelin-1 (1–3×10−9EDTA, 0.01. The solution was equilibrated with 95%
O2 and 5% CO2 to give a pH of 7.3–7.4. Temperature m), or KCl (100 mm). After a stable contraction was

obtained, concentration-response curves to antidepressantswas held at 37° C. Calcium-free solution containing
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were determined in paired rings in the absence and in the absence and presence of antidepressant agents, a
paired t-test was used. Statistically significance waspresence of indomethacin (3×10−6

m), or NG-nitro-l-
arginine methyl ester (L-NAME, 10−4

m). accepted at P<0.05.
Concentration-response curves for noradrenaline and

KCl were determined in a cumulative manner. Control Results
(in the absence of antidepressants) and experimental (in

Effects of antidepressants in precontracted artery ringsthe presence of antidepressants) data were obtained from
separate vascular preparations. When KCl was used, Arteries exposed to antidepressants (3×10−7–10−4

m)
phentolamine (10−6

m) was added to the organ bath in did not show significant changes in resting tension as
order to prevent activation of a-adrenoceptors by compared with arteries incubated in Krebs-Henseleit
noradrenaline released by neuronal depolarization. To solution (n=4 for each compound; data not shown). To
study the effects of antidepressants on Ca2+-induced determine whether antidepressants induce relaxation in
contractile responses, a group of arterial rings was precontracted arteries, steady contractions were induced
incubated in Ca2+-free solution containing 100 mm KCl. by noradrenaline (1–3×10−6

m), endothelin-1 (1–3×
After a 30 min washout period, concentration-response 10−9

m) or KCl (100 mm), and cumulative concentrations
curves to CaCl2 (10−6–10−3

m) were determined in of antidepressants were added. Amitriptyline, nortriptyline
paired rings in the absence and in the presence of and sertraline (3×10−7–10−4

m) induced concentration-
antidepressants (10−5

m). Antidepressants were added to dependent relaxation (Figure 1). Maximal relaxation
the organ bath chambers 15 min before the initiation of (>90%) was achieved at concentrations of 10−4

m. pD2
cumulative concentration-response curves to agonists. values were not significantly different when noradrenaline,

The following drugs were used: amitriptyline hydro- endothelin-1 or KCl were used to induce contraction
chloride, nortriptyline hydrocloride, tetrodotoxin, (results not shown). Figure 1 also shows that no differences
guanethidine sulphate, noradrenaline hydrochloride, indo- in relaxation capacity were observed between arteries
methacin, NG-nitro-l-arginine methyl ester, acetylcholine with and without endothelium. This rules out the possible
chloride, endothelin-1, prazosin hydrochlorde (Sigma involvement of endothelium-derived relaxing factors in
Chemical Co, St Louis, MO), sertraline hydrochloride the action of these substances.
(Pfizer, Sandwich, Kent). All drugs were dissolved in In endothelium-intact and in endothelium-denuded
Krebs solution except indomethacin, which was dissolved arteries treatment with L-NAME (10−4

m), an inhibitor
initially in ethanol, and sertraline, which was dissolved in of nitric oxide synthase, had no effect on the relaxation
dimethyl sulphoxide. These two substances were further induced by the antidepressants. However, the presence of
diluted in Krebs solution to the proper final concentration. indomethacin (3×10−6

m) reduced significantly pD2
Drugs were added to the organ bath in volumes of less values (5.12±0.20 vs 4.67±0.21 for amitriptyline
than 70 ml. Stock solutions of the drugs were freshly P<0.05; 4.81±0.22 vs 4.40±0.30 for nortriptyline,
prepared every day and kept on ice throughout the P<0.05; 4.90±0.20 vs 4.50±0.16 for sertraline,
experiment. P<0.05) without changing maximal responses, thus

The data are expresed as mean±95% confidence suggesting the intervention of dilating prostaglandins
interval. Contractions are reported as a percentage of (Figure 1).
response to KCl (100 mm). Relaxation was expressed as
a percentage of the agonist-induced contraction. pD2 Effects of antidepressants on electrical stimulation-induced
values (negative logarithm of the molar concentration at

responses
which half-maximum response occurs) were determined
from individual concentration-response curves by nonlin- Electrical stimulation induced frequency-dependent

increases in tension that were abolished by tetrodotoxinear regression analysis. The pD2 values were compared
by an unpaired t-test and an analysis of variance with (10−6

m), guanethidine (10−6
m) and prazosin (10−6

m), thus indicating that the effect was due to the releaseScheffe’s test as a posthoc test. The number of rings taken
from each patient varied from eight to 16. Concentration- of noradrenaline acting on a1-adrenoceptors (results not

shown). Low concentrations of nortriptyline and sertralineresponse curves of the tested agonists or frequency-
response relationships were performed in the presence (10−7

m) did not induce changes in the contractile
response to electrical stimulation whereas the sameand absence of antidepressants in rings obtained from the

same patient; the responses obtained in each patient were concentration of amitriptyline significantly diminished
the contractile response to electrical stimulationaveraged to yield a single value. Therefore, all n values

are presented as the number of patients from whom the (Figure 2). At higher concentrations (10−6–10−5
m)

both amitriptyline and nortriptyline reduced neurogenicblood vessel were obtained. For electrical stimulation
experiments, in which the same arteries were stimulated contractions. However, the same concentrations of
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Figure 1 Relaxation to antidepressant drugs of human mesenteric artery rings previously contracted with noradrenaline (1–3×10−6
m)

in the presence ($, n=9), and absence (#, n=9) of endothelium, and in the presence of L-NAME (10−4
m, n=5, +) or

indomethacin (3×10−6
m, n=5, %). Values are means±95% confidence interval.

sertraline reduced but not significantly (P>0.05) the
Discussion

contractile response to electrical stimulation.
The present results show that amitriptyline, nortriptyline
and sertraline are effective in relaxing the vascular smooth

Effects of antidepressants on noradrenaline-and KCl-induced
muscle of human arteries precontracted with noradrena-

contractions
line or KCl. In addition, amitriptyline and nortriptyline
are potent inhibitors of neurogenic-induced contractions.Cumulative application of noradrenaline produced con-

centration-dependent increases in tension with a pD2 of One of the possible mechanisms triggered by antide-
pressants to induce relaxation of the mesenteric vasculature5.89±0.43 and a maximal response of 115% of that

induced by 100 m m KCl (Figure 3). Treatment with may be derived from blockade of a1-adrenoceptors that
mediate contractions [10, 13, 17]. Amitriptyline andamitriptyline and nortriptyline (10−6

m) displaced the
control curve of noradrenaline to the right in a parallel nortriptyline (10−6

m) antagonized the noradrenaline
concentration-response curve in a competitive fashionmanner but differences in the maximal tensions developed

were not significant (Figure 3a). At 10−6
m sertraline did whereas at higher concentration (10−5

m) the antagonism
was noncompetitive. These results are in agreement withnot modify the concentration response curve to noradre-

naline. However, at 10−5
m all three agents decreased the noncompetitive inhibition of the noradrenaline

contractions by protriptyline, amitriptyline and xylaminethe pD2 values and significantly reduced the maximal
responses (Figure 3b). observed in rat aortic smooth muscle [13]. Direct evidence

for antagonism by antidepressants of a-adrenoceptorAddition of KCl caused a concentration-dependent
contraction with the maximal response at 100 m m. The comes from radioligand binding studies at the human

brain [18]. In addition, amitriptyline and nortriptylinethree antidepressants (10−5
m) depressed the KCl

concentration-response curve (Figure 4a). Maximal con- reduced the contractile response to electrical stimulation
in a concentration-dependent manner. The tertiary-tractions to KCl were reduced to approximately 60% by

the three antidepressants. amine amitriptyline was more potent than the secondary-
amine nortriptyline. On the other hand, sertraline, a
selective inhibitor of serotonin reuptake, did not modify

Antidepressants and calcium
the contractile response to electrical stimulation and the
noradrenaline-induced contraction was reduced onlyIn arteries incubated in Ca2+-free solution containing

100 mm KCl, the addition of CaCl2 (3×10−6–10−2
m) when high concentrations (10−5

m) of sertraline were
used. These results suggest that sertraline has no appreci-elicited a concentration-dependent contractile response

( pD2=3.80±0.19, n=8) (Figure 4b). The presence of able effects on noradrenergic responses of human mesen-
teric arteries and confirm results from in vitro radioligandantidepressants (10−5

m) shifted the concentration-
response curve to CaCl2 to the right and significantly receptor binding studies indicating that sertraline has no

significant affinity for a-adrenoceptors [19, 20].decreased the pD2 values (amitriptyline, 3.06±0.12, n=
7; nortriptyline, 3.01±0.37, n=6; sertraline, 2.97±0.23, The three antidepressants studied also relaxed vessels

contracted with endothelin-1 and KCl which indicaten=6; P<0.05). Differences in the maximal tensions
developed were also reduced. the existence of a nonspecific mechanisms other than
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Figure 3 Concentration-response curves for noradrenaline in the
absence ($, n=8) and presence of amitriptyline (#, n=6),
nortriptyline (&, n=6) and sertraline (6, n=6) at concentration
of 10−6

m (a) and 10−5
m (b). Values are means±95%

confidence interval.
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Figure 4 Concentration-response curves to KCl (a) and CaCl2
(b) in the absence ($, n=7 for a and n=8 for b) and presence
of 10−5

m of amitriptyline (#, n=5 for a and n=7 for b),
nortriptyline (&, n=5 for a and n=6 for b) and sertraline (6,
n=5 for a and n=6 for b). Values are means±95% confidence
interval.
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contractions elicited by CaCl2 in KCl-depolarized arteries.
Figure 2 Neurogenic contractions in human mesenteric arteries These results indicate that antidepressants could inhibit
under control conditions (&) and after incubation with various Ca2+ entry through the depolarized cell membrane in
concentrations of amitriptyline, nortriptyline and sertraline (%

human mesenteric arteries and thus support an earlier10−7
m, p 10−6

m, h 10−5
m). Values are means±95%

report of antagonism between Ca2+ and desipramine inconfidence interval; n, number of patients. *Significant difference
the perfused rat renal artery [10]. Interference with Ca2+

from control value, P<0.05.
influx has been proposed for the inhibitory effects of
tricyclic agents on contractions in rat aortic [13] and vas
deferens [22] smooth muscle.a-adrenoceptor blockade. Thus the relaxant effects of

antidepressants are not restricted to events triggered by Because antidepressants cause Ca2+ release from
inositol 1,4,5-triphosphate-sensitive Ca2+ stores [23, 24],a-adrenergic receptors but seem to reflect a general

modification of the contractile function of vascular it is possible that the molecular target of antidepressants
may be the second messenger systems. The net result ofsmooth muscle. One of these mechanisms may derive

from interference with the entry of calcium. Contractions the activation of the secondary messenger systems is to
increase the activity of the various protein kinases thatto KCl, which are mediated by voltage-dependent Ca2+

channels [21], diminished in the presence of antidepress- phosphorylate membrane-bound proteins to induce the
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physiologic response [25]. Sertraline and imipramine both entry. The three antidepressant drugs release prostacyclin
from the vessel wall, an effect which appears to beselectively enhance cyclic AMP-dependent protein kinase

activity in the frontal cortex of the rats [26] and protein independent of the presence or absence of endothelium
and nitric oxide formation.kinase C activation participates in the regulation of

smooth muscle contraction. Since protein kinase C
This work was supported by the Comision Interministerial departicipation was not studied in this work, a contribution
Ciencia y Tecnologı́a, Ministerio de Sanidad and Generalitatof intracellular Ca2+ cannot be excluded. Under the
Valenciana.present experimental conditions, the effect of antidepress-

ants on the release of intracellular Ca2+ appears to be
masked by a marked effect on extracellular Ca2+ influx References
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